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A3SMUC? 


Tho  connections  between  the  ret  Inula  cells  of  the  eonpotood 
ovo  and  the  neural  oiomonts  In  tho  optic  lobe  in  flesbfly  ( 
Boettgherisca  pe rearing)  were  observed  by  electron  micro so opy. 
Tfio  ormnatidiuh  consisted  of  eight  ret  inula  cells:  six  ordinary 
rotlnula  oolls,  one  central  retinula  cell  and  one  basal  re 
rot inula  cell.  The  axons  of  ordinary  retinula  cells  (short 

fibers)  terminated  at  the  lamina,  whereas  two  extraordinary 
retinula  cells  extended  their  proximal  axons  (long  fibers)  to 
tho  modulln.  Five  or  six  short  fibers  crowded  around  two 
axons  of  monopolar  ganglion  cells  at  the  lamina,  constituting 
the  " no uromroat id ium" ,  where  they  hold  the  repeated  synaptic 
contacts  with  tho  monopolar  axons.  Many  "ophorical  invagi¬ 
nations'1  v/ero  discovered  at  the  axon  membranes  of  short  fiber 
in  the  neuror.imatidium.  Such  peculiar  structures  as  well  as 
tho  cytoarchitecture  at  tho  lamina  were  d5.ecusoed  in  relation 
to  possible  functions , 


rt- 


INTRODUCTION 


In  the  compound  oye  of  insect,  axon  of  the  rot  inula  cell 
oxtonds  proximally  through  tho  basement  membrane  to  held  di¬ 
rect  connections  with  tho  neural  elements  in  the  optic  lobe , 
Such  neural  connections  of  the  compound  eye  have  been  stucl.b 
by  ssvoral  worhers  using  the  light  microscope.  Acoording  . 
Ramon  y  Cajal  and  3anch.es  (5),  there  are  two  typos  of  axons 
of  ret inula  cells  in  the  compound  eyes 'of  flies:  long  and 
short  fibers.  Long  fibers  pass  through  the  lamina  without 
having, the  synapses  and  probably  have  their  endings  in  the 
medulla.  Short  fibers,  which  are  the  mor^iumarous,  termi¬ 
nate  around  the  axon,?., of  nonopolar  ganglion  colls  in  the  lami¬ 
na,  whore  they  form  tho  group  referred  to  as  the  "neuro- 
cmIriatidium,,  (10)  or  tho  ‘optical  cartridge”  (21). 


A  number  of  electron  microscopic  studies  on  the  retinul » 
cells  of  insect  compound  eyes  have  been  published  during  the 
past  decade  (6,  7,  8,  9,  22,  23,  2k,  25) ,  They  were  chiefly 
concerned  with  the  fine  structures  of  the  retinula  cells,  s-.r-. 
pcciolly  with  the  rhabdomores  which  are  the  light  trapping 
sites  in  the  receptor  col?,  of  the  compound  eye*  It  has  been 
confirmed  from  these  studies  that  the  rhabdomere  consists  of 
the  closely  cached l  arrays  of  microtubules,  oriented  perpen¬ 
dicularly  to' the  long  £xis  of  the  ommatidium.  In  addition, 
it  has  been  shown  that  the  rhabdomores  are  in  a  difinite  ar- 
■  uiit  within  the  ommatidium,  according  to  the  species  of 
iwo  c  js  , 


Cn  the  othor  hand,  T~ry  little  is  known  about  the  syn¬ 
aptic  organization  at  the  proximal  ends  of  the  retinula  cells 
by  electron  microscopy.  Thor©  has  been  only  a  brief  dis¬ 
cript  ion  with  respect  to  this  region,  which  did  not  amply 
shown  the  synaptic  architecture  of  tho  retinula  axons  (21). 

Wo  have  observed  the  fine  structure  of  the  synaptic 
region  in  the  lamina  of  a  fleshfly  (Boettoherieca  peregrin?. ) . 
Ac  a  result,  there  were  found  two  types  of  terminations  of 
the  rotinula  oollo  derived  from  a  single  ommatidium.  In 
addition,  the  peculiar  do ughnut- shaped  structure  was  dis¬ 
covered  in  tho  synaptic  areas  of  "short  fibers*.  Charac¬ 
teristic  profiles  of  tho  "neur ommatidium*  were  also  clari¬ 
fied. 

MATERIAL  and  M&TH0D3 


The  adult  floshflies  (Boettoherlsoa  peregrins),  which  had 
beGn  raised  in  our  laboratory,  were  oeoapltated  and  tho  he  a  cl  r. 
were  immorood  in  oold  fixative  immediately*  After  a  short 
iij'.G ,  the  compo'.md  eyes  wora  dissected  end  put  into  the  fresh, 
ix&tive  for  JO  to  120  minutes.  Fixative e  employed  in  this* 

study  woro  as  follows:  (1)  2.r//j  osmium  tetroxide  buffered  with 
8-Collidine  at  pH  t.t  (2),  (2)  1$  osmium  tetroxide  buffered 
with  mionig*e  buffer  at  pH  7.4  (Hi),  (J)  5  or  oJ5  glutar- 

0  »  •  *  » 

-1*  * 


aldehyde  buffered  with  s-Collidine  at  pR  7.2,  and  (M  6.2SS5 


follow~ 

M  .5  -----  - — - - -*~cn  s-coiiidlne  buffer,  c.fv, 

washing  by  8-0ollid5ne  buffer.  Among  the  fixatives  mentioned 
above,  tne  "double  fixation"  by  glutaraldehyde  with  3. .Collidine 
buffer  and  osmium  tetroxido  with  s-Collidine  gave  tho  besot 
preservation  for  this  material .  ..  The  spe citrons  wore  rapidly 
dehydrated  through  a  graded  concentrations  of  cold  ethanol. 

£.nd  then  embedded  in  fipon  312  (15)»  Sections  wsro  cut  with 
n  Porter-Blran  MT-2  microtome,  stained  with  lead  citrate  (l;'  }. 
and  examined  by  a  Hitachi  IITJ-11  electron  microscope* 


OBSERVATION 


The  optic  lobe  of  the  fly  consists  of  three  main  neuro- 
rile  masses.  They  havo  beon  called  by  a  variety  of  names 
110).  In  this  paper,  the  author  will  employ  "the  lamina”, 

■the  medulla"  and  "the  lobula"  as  their  names  from  the  periphery, 
inward,  according  to  Horridgo’s  opinion  (11). 


In  tho  present  study,  the  region  from  the  ratn-nula  of 
compound  eye  to  the  lamina  will  be  divided  into  four  layers: 
the  receptor  layer,  the  basement  membrane  layer,  the  ganglion 
cell  layer,  and  the  neuronmatidial  layer.  Such  subdivision 
is  convonient  for  the  discription  end  has  not  clear  linos  of 
demarcation.  Tho  rough  boundaries  of  four  layers  are  as 
shown  in  Fig.  1  drawn  schematically  based  on  the  present 
observation. 


Receptor  layer 

In  the  compound  eye  of  fleshly,  oach  onmat ielium  consists 
of  eight  rot inula  cells.  The  cylindrical  rot inula  cells  aro 
radially  arranged  around  tho  ommatidia!  axis  occupied  by  the 
central  matrix.  Adjacent  cells  adjoin  oaoh  other  by  the 
desmosomos  situated  at  tho  inner  ed.^es.  The  retinula  coll 
contains  several  kinds  of  cytoplasmic  organelles s  numbers  of 
mitoohondria  with  various  sizes,  granular  endoplasmic  reticulum, 
ribosomes,  Golgi  complex,  small  dense  granules,  vacuolos,  and 
nultivosieular  bodies ,  At  the  proximal  portion  of  receptor 
layer,  sovon  rot inula  cells  protrude  tho  individual  rhabdomoroo 
toward  tho  ommatidial  axis,  but  one  dose  not  boor  its  own 
rhabdonero  (Fig,  2).  Seven  rhabdomeros  hoop  tho  specific 
pattern  for  Piptcra  ommatidia:  they  are  not  fusod  oaoh  othor 
but  soparateX  individually  by  the  eentral  matrix,  being  quite 
different  from  the  fusod-typo  rhsbdomores  of  other  various 
insoots,  They  are  composed  of  many  eloooly  paokod  arrays  of 
microtubules,  as  already  demonstrated  in  various  types  of 
eompound  oyes  (8,  23), 


Two  rotinula  cells  In  a  single  ©nrntidium  usually  display 
the  different  profiles  from  other  six  colls.  Ons  is  ratho r 


■Mil  and  mn  be  tentatively  o  ailed  the  "central  ret  Inula  eell*, 
weans*  of  its  feature  protruding  more  centrally  the  rhabdonere* 
®*  nucleus  cf  central  rot inula  cell  is  at  more  proximal  level 
tins  those  of  the  other  *six.  Voo bher  retinula  cell  is  ex¬ 

tremely  thin  at  the  middle  portion  of  receptor  layer,  whose 
nucleus  is  situated  ne:\r  the  tersrsr-nt  iombrorc ,  Consequently, 
it  trill  be  provisionally  nnn*d  "basal  rat  inula  cell*1* 

Its  rhafcdor.no re  cc  :  +J'~*  v*vV‘^JCuC'  A  through  t he  present  obser¬ 

vation.  Sine-..  the  b?.3>?.l  rstinr-la  cell  extends  its  processes 
in  both  directions,  proximally  .;i-  a5.- tally,  it  can  bo  con¬ 
sidered  as  a  certs  in  hind  of  bipolar  neuron. 

Eaaemont  mgabr&na  layer 

It  has  been  shown  by  light  microscopy  that  the  basement 
membrane  of  insect  compound  ©ye  was  e  thick  trail  of  about  1 
aileron  in  width  and  fenestrated  in  places  for  passage  of 
retinula  axons,  cytoplasmic  processes  of  basal  pigment  cells, 
and  trachecis3  (20).  However,  it  is  found  In  the  present 
observation  that  the  br-eannt  membrane  is  made  tr>  of  two  layers : 
the  inner  pale  layer  with  thicker  width  and  the  outer  thin 
layer  with  densely  lined  loops  (Pig.  ?}.  The  Inner  layer 
contains  many  fins  filaanr.tH  p.  ound  substances. 

Uhls  layer  is  eontirroDUci  w:v’-h  the  cytoplasm  of  the  basal  pig¬ 
ment  cell,  wiieraa3  the  ~ii  iting  plasri&merabr&nc  can  be  found  Qt 
the  bottom  surface  of  t!.:lc  layer.  Tills  implies  that  tho 
no st  portion  o.v  the  classical  "basement  membrane "  is  a  speolal- 
isod  part  of  he.rr.?.  pigment  cell.  The  outer  lie  lupin- shaped  'V 
dense  lines  uv.y  possibly  be  the  extracellular  structure  seerot- 
od  from  the  banal  pigment  cell. 

The  basal  pigment  cell  has  a  lot  of  pigment  granules, 
mitochondria,  granular  endoplasmic  reticulum,  ribosomes,  and 
fine  tubular  filaments.  Its  nucleus  ia  beneath  the  basement 
membrane .  This  cell  extend  its  cytoplasmic  processos  among 
the  ommatidia  in  the  receptor  layer. 

A  group  of  reticle,  cells  from  a  single  ommatidium  pass 
together  through  the  can**  fenestration  of  tho  basoment  membrane, 
where  those  processor  display  axonal  appearances  with  neu¬ 
rotubule  0  and  a  few  mitochondria.  Sight  axons  of  retinula 
cell*,  originated  from  a  single  ommatidlum,  run  in  a  bundle 
in  a  consiclorablc  *J  ...,?•«*  lott-VA.  the  barecfew; '  metrbrano  (Pig. 


4)  •  They  cnolo..- -.A  cllai  .  f  cO* in /. v*  tQj^3^X0}16  # 

This  nrjsaxon  c c u an .tonally  the  ladder— like  desmosom.es. 

Thus,  no  intercellular  "paces  pro  discovered  around  the  axons 
in  this  region,  except  about  lf*C  A  spaces  between  the  apposed 
plasma  membraneo.  It  la  v.oti-v-r.bl*  ifcat  two  cut  of  eight 
axons  in  one  group  is  emp.Il*v*  :ln  diKBOte?  than  the  others. 

Ihoy  belong  to  tho  basal  kvvtluula  coll  and  ths  central  x*ot  inula 
oell.  Such  two  axons  posaeos  e.  rar..?J.l  quantity  of  nourotubule* 
and  donse  ground  substance  at  thir.  level. 

Xt  cun  be  .“Judged  from  tho  observation  on  nany  sorial 


Motion*  that  eight  ret inula  axons  from  .a  single  ommatidium 
redistribute  at  the  proximal  level  of  this  layer  •  Two  thin 
axons  of  basal  and  central  ret  inula  eolls  run  in  pairs  away 
from  the  bundle  of  the  other  axons.  One  or  two  axons  of  aitt 
largo  rot inula  eolls  also  got  out  of  *ho  oanatldial  group  and 
run  obliquely  in  this  layer  till  they  Join  the  neighbouring 
oranatitlial  group. 

dsnylion  cell  layer 

The  nuole us  of  the  monopolar  ganglion  coll  is  located  at 
the  distal  portion  of  the  lamina.  This  cell  is  conspicuous  • 

with  its  relatively  large  nucleus.  Its  cytoplasm  contains  a 
lot  of  ribosomes,  sooo  mtochondoria.  Golf?-  complex,  siulti- 
vesicultir  bodies,  and  granular  endoplasmic  reticulum.  Of 
those  organelles,  a  somewhat  largo  amount  of  ribosemos  draw  a 
distinction  between  the  surrounding  glinl  elements  and  itself* 
The  monopolar  ganglion  cell  is  entirely  covered  with  a  glial 
clement/  Pig.  5  shows  the  monopolar  ganglion  cell  ana  its 
axon  extending  pr-oxinally .  Pino  neurotubulos  appear  in  the 
axoplasm  as  the  axon  departs  from  the  cell  body.  The  axon 

often  emits  small  collatoral  branches  or  buds  along  its  course* 
Sorao  of  these  branches  have  the  dofinits  with  the  contiguous 
small  processes  bearing  a  number  of  synaptic  vosicloo ,  showing 
the  increasad  density  of  the  apposed  membranes.  Those  arc 
prostaned  to  be  the  synapses  between  the  monopolar  axon  and  ths 
email  branches  from  ret  inula  axons*  Although  such  synaptlo 
contracts  are  found  at  the  axonal  portion  of  about  3  p  f*em  its 
perikaryon,  there  are  no  synaptic  contacts  between  tho  oell 
body  of  monopolar  ganglion  ©oil  and  tho  other  neuronal  prooesc- 
os*  in  the  neighboring  region,  many  small  procossee  con¬ 
taining  synaptic  vesicles  are  present*  They  may  bo  from 
either  ganglion  axons  or  ret inula  axons,  and  ooo&sicnally  come 
in  the  synaptic  contacts  with  each  other* 

The  ret  inula  axons,  excluding  smaller  exons,  contain  a 
lot  of  synaptic  vesioles  and  mitochondria  is  this  layer* 
Besides,  there  are  often  soon  small  spherical  thiok-meabraned 
structured  (about  JO  mu  in  diasmter)  near  tho  axon  membranes. 
Such  oharaeteristie  profiles  will  be  demonstrated  in  detail 
in  the  next  layer. 

Wouroraaatidial  l»yer 


It  is  .ihocu  ; rr  .tross  section  that  there  are  many  groups 
composed  of  five  or  six  ret  inula  axons  ir*  the  lamina,  prox?  * v.r.1 
to  tho  ganglion  cell  layer  (Pig.  6).  The  groups  alwayr  em¬ 
brace  twe  axonal  processes  of  monopolar  ganglion  cells  at 
more  proximal  level  (Pig.  7).  Such  a  group  was  designated  Li: 
tho  ttno  ur onraat  Id  ium"  by  Ramon  y  OaJ  al  ana  3a,iiohez  (*5)*  As 
a  whole  appoarance ,  the  neuroi'iimat iaivin  has  ufco  following  compo¬ 
sition:  five  or  six  cylindrical  Z-xaslrs  of  thick  rot  Annie,  axons 
gather  in  a  bundle  around  two  fcStofcal  processes  of  -uonopolar 


Stag  lion  colls  and  run  parallel  rrith  each  other  oxtonding 
over  the  dlotaneo  of  about.  50  micro  •  On  the  ©'•‘■'or  hand*  , 
two  thin  axons  of  t&»  vion «>.*  '.!  ktxJ  ‘v.  -nl  retAnnl?  ^lls  prooee* 
among  the  nouroirer.p.tAtl'.M  :*<*•  i’.»v  v.],h»  3  >»  c.o  no-  pa^» 

Accordingly,  It  ic  <■ '  •  bio*  axon:  :;v  .  ?o;w  to  th* 

•ahort  floors'1  unc";  V;:  >  X\1 ;  -->•  *•  vrw^ith  tna  .i.oiV»  iioorr.  • 
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that  the  cytoplasmic  expansion  thrust  into  the  spherical 
invagination  a  highly  flattened  glial  proeees  (Fig*  9). 
i'll i 3  domonctrution  probably  suggests  it  functional  vole* 

Tho  roundotl  bana3  pole  cf  the  short  fiber  is  looatod  at 
tho  deepest  proximal  portion  of  tho  lamina .  In  tho  longi¬ 
tudinal  election  through  this  portion,  there  is  aeon  tho  termi¬ 
nation  ol  the  tfor-xt  v’j her  and  followed  by  tho  ending  of  the 
cytopj.au.rao  expansion  of  surrounding  glial  cell  {Pig.  10). 

The  axon  of  monopolar  ganglion  call  extends  into  tho  ehiasma 
between  tho  I'-riia  ru»S  the  nedullc . 

Long  fibers,  d>t  l-ito'  the  ore?  ;fc  if  ini  group,  run 

tlirough  *  among.  neit-vOi.-uttidiul  vrorpa  (Pig.  6)*  Two  long 
fiboro  are  lniV.u‘.oe  in  yairc  tho  another  glial  element 
being  different  fee.;'  one  a  i:i:.Xn±  up  among  nouronmatidial 

groups.  A  nnir  trio; /‘bero  uZtmjr  accompany  a  thin 

vstohoolo  alov.;;  thr  entire  courts  through  tho  neurotmtidial 
lf.yor .  They  have  far  a  Ttullo-*.  v-rtorc  (about  1*5  *0  than 
those  of  short  fibers,  -.ru\  her  r-  file:.*  rynaptic  profiles  nor 
collateral  br-.nchca  ir  vV  3*-  *j’..  '.‘heir  prolongation  a 
toward  tho  P.c..:C.ir  m;  o':-,  in  l*.,;.  .'-I,  Although  their  termi¬ 
nal  endings  cro  not  caught  a  a  yet. 

Tho  other 

Other  eleaacto  can  be  soon  usiong  the  neural  olomonte  ovor 
the  entire  layers  beneath  tho  basement  moaibrane .  The  so  colls 
pro  loot  corapli'  thnir  finder-  or  leaf-shaped  cytoplasmic 

procosecs,  “rCiibit.’-ig  a  co;r*»lox  cellular  architecture  in  thl3 
region.  Thus  any  neural  olomonts  arc  not  froe  from  tho  en- 
volopr.ic.afc  by  tho  other  elements  in  tho  region  beneath  the  be  ce¬ 
ment  membrane. 

At  the  level  of  t.V*  bar  went.  membrsns'e  fenestration  ( 

Fig.  5),  the  Votiiiula  uxous  are  tightly  envelope:.*  by  the  at¬ 
tenuated  processes  of  basal  pigment  cell.  A  cell  containing 
a  large  quantity  of  tiny  filaments  embrace  tho  ret inula  axons 
at  the  tracho olarrcg ion  between  the  basement  :;»mbr&ne  and  tho 
lamina .  It  constructs  th.o  "mosnxon"  with  character  is  tie 
ladder-shaped  c’csrcfloaseii  ‘-.round  tho  ret  inula  axons.  Occasion" 
ally  ifcc  hov?.so:  b . .icn  has  tho  intimate  oontact  with  'i:r» 
liir^o  trachic- • «  »w.v, .^.juouo  with  both  the  basal  pig¬ 

ment  cell  and  fch*  gli-a  d6-:«&rt~I.n  the  lamina  by  sharing  a 
differrent  typo  of  dosmoaouvr- . 

In  the  ganglion  coll  layer,  two  types  of  cell  occur. 

Their  cytoplasmic  profile  contrast  with  each  other:  ono  is 
pale  and  tho  other  s  :?o:v?ly  darl:.  Si®  incleua  of  the  pale 
cell  is  cloco  ;:o  the  edi  body  of  the  monopolar  ganglion. 

Its  ramified  processes  fill  up  the  spaces  among  the  neural 
dements  and  <  ysc.s lordly  embrace  tnc  snail  trac.ieo.’.3 ,  fhe 
cytoplasm  of  thi «  cell  consists  of  many  mitochondria, rosettes 
of  ribosomes,  grsnular  ondoplar  ?ic  reticulum,  fine  filaments. 
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but  email  quantity  of  ground  substances .  On  the  other  band* 
tfca  perikaryon  of  the  noli  which  is  conspicuous  with  it*  dark 
prof3.1e  is  located  at  the  dietal  region  of  the  lamina*  It 
expands  the  star-shaped  aras ,  frequently  reaching  to  the  central 
pert  .toil  lacking  the  monopolar.,  .axons  in  the  distal  level  of  the 
neuroaraat  i&iua. 


A  glial  call  expands 
is  the  largest  one  of  the 
nucleus  of  this  cell  is  s 


5.  between  the  nouromnatldiftl  groups 
so  elc/1  rente  (Pigo.  €  and  9)  •  The 
Ltuutec  at  the  middle  portion  of  the 


lamina.  Its  plasm?,  membrane  alerayr  displays  sorx  layers  of 
iafoldtegs  tSbft  abort  fiber.  In  addition  to  such 

highly  flattened  proceed©!?,  a  largo  number  of  mitochondria  are 
particularly  prominent  within  its  cytoplasm.  tfhereas  ‘She 
granular  endoplasmic  reticulum  is  dispersed  throughout  Its 


cytoplasm,  the  array  of  agranular  endoplasmic  reticulum  is  also 
present  in  the  proximal  S-tver,  As  already  noted,  the  minute 

processes  of  this  element  builcl  up  the  "spherical  invagination" 
with  the  membrane  of  short  fiber. 


DISCUSSION 


The  existence  of  two  types  of  ret inula  axons  baa  boon 
described  by  the  classic  pictures  obtained  by  light  microscopic 
observations  (5,  11),  However,  there  was  no  available  OYi» 
denoo  about  that  two  types  of  axons  were  derivod  from  any  typo a 
of  ret  inula  colls  In  the  oramat  idium,  though  it  was  assumed  that 
short  fibers  were  of  large  rotinula  colls.  aven  the  number 
of  the  long  fiber  from  c.  single  oaaaat idium  x?ae  not  determined. 
By  the  present  observation,  the  long  fibers  were  first  demon¬ 
strated  to  belong  co  both  the  central  and.  basal  rat  inula  cells 
in  each  oranat idium.  Therefore,  it  is  possible  that  these 

celld  have  the  quite  different  function  from  the  ordinary  reti- 
nula  cells.  Moreover,  the  basal  rotinula  cell  is  not  provid¬ 
ed  vith  the  rhabdoaere  but  is  a  kind  of  bipolar  neuron,  onvi 
in  this  sense  differs  from  the  central  ret inula  cell.  Prom 
those  results,  are  at  least  three  types  of  rotinula  cells 

in  a  single  omefcldium  of  the  fleshfly  compound  eye. 


It  has  bean  generally  recogr: 
rotinula  cells  in  «  aingl  e  omat 
eight  (l6) .  .  Ont.  of  wb.er.i  i.\‘ 
overlooked  by  man;;  or.rii.er  -sleet./ 
Waddington  end  Perry  i'22;  demount 
Drosophila  aye  ?»s  the  "eight  ret  I 


isscl  that  the  number  of  the 
iviua  in  Digtgra  it  usually 
trr^r-.iy  sSSuX  and  has  been 
on  micro ecopists.  .Recently, 
rated  it  in  the  developing 
nula  cell".  Such  a  dis- 


tihcv.’.ve  type  of  cell  has  boon  observed  also  in  tho  auper- 
position-typs-  compound  eyo  of  the  sllkuorai  moth  (IJombyil,:  uiori), 
which  bjtf-.s  been  called  the  "eccentric  ret  inula  cell"nr~(fc>5’. 


Both  eighth  rotinula  cell  s.n‘  sc  centric  rst  inula  cell  have 


the ir  ovrn  rha.bdor.orsr  andconcw-qxumtly  work  as  photorooeptor 
cello.  On  the  other  hand,  it  is  noteworthy  that  the  basal 
ret  inula  cell  of  the  fleshly  lias  not  the  rhabdomero,  so  that 
it  does  not  play  the  part  or  photoreceptor.  Moreover,  this 
cell  evidently  extends  long  axon  to  the  medulla,  without  Gyn- 
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Spile  relation  to  the  monopoldr  ganglion  call  In  the  lamina. 

Xt  follows  that  the  basal  ret Inula  coll  has  a  quite  different 
functional  role  from  the  eccentric  and  eighth  retinula  cells. 

Vo  estimate  the  roles  of  such  Aii’fcranb  tyvic  of  rat  inula 
cells,  of  the  central  arid  basal  oivjc  in  •?}  xl'.r.u l«r,  wore  procf.oo 
?lry Biological  i ''pro?. chor;  on  the  cellular  love!  should  bo  ao- 
our_ulacod  horeca'tov. 

The  earlier  observations  rusirg  t’w  light  r.icrosc pc  have 
shown  that  tlm*e  ere  VP.r?.oiis  tyocr-  of  neurons  ?r*  the  lamina, 
inclv.*’Xn~  tho  monopolar  gaug lion  colls,  the  multipolar  gargl5.cn 
oelln,  the  arbor ixat lone  of  oeaftrifugcl  fibers,  and  the  tan¬ 
gent  .tally  arranged  fibers.  Although  such  nuasrnua  types  of 
neurons  could  not  co  id3n.i5.fied,  wo  obtained  the  evidence 


prortinaj.  iovei  or  r.ne  iar;v,na  ?>►  ous  nowon 

have  r*nv  aynapaon  with  the  short  fibers  in  neighbouring  rnu- 
rosKiatidia.  Xt  follows  from  this  finding  that  abort  fibers 
fro:.*  neighbouring  oafinatJ.dia  inhibit  oach  other  their  visual 
activities  at  tho  level  of  lamina.  It  wrs  also  clear  that 
short  ff5.fc.vrs  from  adjacent  orematidia  intersected  each  other  at 
the  gaaglf.on  coll  layer,  terminating  to  the  enow  of  monopolar 
0angl5.cn  coll  within  the  eamo  nouromaatidium.  Such  an  archi¬ 
ve  etritrs  r.’cy  auggost  that  there  are  the  integrating  mechanisms 
between  no5.ghbonr5.ng  onvnatidia  at  this  level. 

Y/e  discovered  tho  spherical  invaginations  in  tho  synaptic 
arc?  of  the  short  fibers  off  tho  f3.er.hfly*  I'vorx  our  unpublish¬ 
ed  date,  however,  they  could  not  be  found  in  tho  rot  inula 
axons  off  honerbee.  there as  tho  short  fibers  in  tho  lamina  cf 
Drosophila  were  studded  with  many  spherical  invaginations . 
OonsXderXng  these,  tho  spherical  invaginations  are  probably 
re a trio tod  to  tho  short  fibers  of  the  Dipt  era  compound  eyes . 

Xt  is  noteworthy  that  the  inner  pouch  of  spherical  in¬ 
vagination  is  tho  spherical  protrusion  of  tho  supposed  glial 
coll.  Such  a  relationship  between  neural  and  glial  elects 
has  been,  demonstrated  also  in  some  invertebrate  axons 
and  tolieift)  &1.  175.,  Tho  structures  found  in  Helix  and 
AnliSla  aSona.  however,  have  different  profiles^  from  tae 
SpHeHoftl  invagination  of  i’leshfly,  in  rospoot  that  they  con¬ 
sist  of  long  infoldings  of  axon  nraabrano  and  trabeculae  of 
glial  procoac .  In  addition,  thoy  have  no  relation  to  the 
synaptic  area,  in  controat  to  tho  epherioai  invaginations  local¬ 
ised  within  tco  synaptic  area  of  short  fiber-*  Although 
will  bo  necessary  to  analyse  tho  spherical  invagination  histo- 
ohemically  in  evaluating  its  functional  significance,  it  is 
presumable  that  the  lpherioal  invagination  is  a  specialised 
part  to  perform  metabollo  work  for  eynaptio  activity* 

iiany  investigators  hnvo  oboorvod  tho  fine  atruoturos  of 
thesynapucs  between  the  receptor  and  tho  bipolar  colls  of  tho 
retinas  in  various  vortobratoo  (4,  12,  18).  Xt  has  beoono 


obvious  by  their  observations  that  the  synapses  bars  tbs  oharac 
tar  la  tie  structure  a  la  eoanon  with  many  vortobrate  retinas, 
consisting  of  the  synaptic  pedicles  of  rooopter  cell*  the  *78* 


k  iT 
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si* 


bipolar  cell,  and  tho  eccumrJ.r,bcd  a^naptio  veeiclos  at  the 
both  synaptic  si fees.  Among  these  character istics,  tho  Bj#« 

apt ic  lane  Hr.  c  or  ribbons  have  hden  identified  at  only  the 
receptor-bipolar  cyncvpoa  of  the  vertebrate  retinas.  1*0 
function  has  boom stsgga stod  for  th5.s  structure .  Therefore, 
v.-v)  assumed  that  there  night  be  the  aynuptjc  ribbons  also  at 
reccptor-ganglicn  synausoo  in  the  optic  lobs  of  Insoots, 
:j!  they  are  ns cess arv  for  tho  first  synaptic  transmitting 
irechur!;.  L  of  tb.3  photo.'.-ec.'pbio a  in  the  differentiated  oyo, 

.  ayoud  otir  es,.ceet;.t5.  r;..,  however,  the  insiM)  synapse  had  no 
such  t»  .  cvfir.r  rv  roarr  tus . 


The  complexity  in  the  cytoarchitoctura3  of  the  incoct 
optic  lobe  v/cs  presented.  The  variouo  types  of  glial  cells 
differed  from  the  glial  o laments  in  the  oentral  nervous  system 
of  vertebrate.  Their  complicated  cytoplasmio  processes  on* 
tiroly  fillod  up  the  spaces  among  the  noural  elements.  Kioit 
of  them  have  not  boon  rofsveod  te  so  for.  Thoip  oytopl&trtio 
characteristics  era  different  from  the  vertebrate  gift. 

This  may  owo  to  tho  circulating  systora  of  insect  bftdy  fluids, 
which  is  in  contrast  to  tho  oloood  circulating  systoei  in  the 
vertebrato.  The  role  of  tho  spherical  invagination  abould 
be  considered  also  from  thisppoint  of  view. 

Tho  oloctron  microscopic  observation  about  tho  oompound 
eye-optic  lobe  region  in  ineoot  has  just  star tod.  It  la 

acaumod  that  tho  synaptlo  arohltooturos  in  tho  compound  eye 
will  show  a  groat  deal  of  variation  dopondlng  upon  various 
apooioa  of  inooots.  Ifunrrous  comparative  histology  by  the 
electron  microaoopy  on  this  field  io  required.  This  will 
make  tho  way  leading  not  only  to  tho  follow-up  of  the  visual 
pathway  of  inseat  but  also  to  tho  oluoidatlon  of  the  configur¬ 
ation  of  tho  inaeet  brain. 
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Fig.  1.  Diagram  of  tta*  raosptor  layor  and  tho  lamina 
of  the  floehfly  compound  aye.  Abbreviations i  CL,  oorooal 
ions;  CO,  crystallint  oona;  R,  rhabdoasraj  ROo,  ordinary 
rat  inula  c«u;  F.Co,  osntrai  pat  Inula  otlll  X,  position  of 
nuoluu  of  basal  ratinulaocallj  UK,  bassnsnt  membrane ;  PC,  basal 
oigmont  coll;  T,  traohsoltl  TB,  traohaoblast j  KOC,  monopolar 
ganglion  ooU;  LF,  long  fibar  of  Mtlnula  oall;  S.F,  abort  fiber 
of  ret  inula  cell;  SO,  nsurommatidiu*!  Aago,  Axon  of  monopolar 
ganglion  cell* 


Fif;.  2.  Transv3i’s©  section  through  tho  receptor  layer . 
The  onmatidium  consists  of  six  ordinary  rot  inula  cells  (HI  - 
RS),  ono  central  rotinula  coll  (Rc),  and  one  basal  r3tinula 
coll  (Rb).  Seven  rhabdoperes  are  separated  by  the  control 
atvtrix  (CM).  x  8,000. 
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PlC.  3.  Obllqw  Xro^ituc! 5.na?.  section  throu,  ii  the  basr  ~ 
isont  morabrano.  ’llf;hv  exsra*  t.  :.  .•/j:'av.r.s.  co?.la  ( A!%  -  A3) 
froa  the  same  onmafcioi’*u  aw-  *.n  r.  ?.u  .cV.o  h$n*ath  the  b&aaxcu* 
•.•.or.tbran©  (311}.  J?C..  V-c.caX  pf  *,:./•.  .;  o:'i:.;  \'f.  fc:*achcolo , 

x  9,000. 


Fig.  U*  Tho  oiimatldiEji  group  of  ret  inula  axons  in  the 
proximal  basement  membrane  layer.  Sight  axons  (A1  •  A<3)  are 
enclosed  by  tho  glial  element.  Two  small  axons  (A7  and  AS) 
aro  supposodly  from  the  central  retinula  coll  and  the  bnsal 
ret  inula  cell.  x  8,000. 
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Fir, .  5.  Oblique  longitudinal  section  through  tho  gangli¬ 
on  cell ’layer.  Monopolar  ganglion  coll  (i-4)  extehdfl  proximal- 
ly  tlio  axon.  Large  ret  inula  axons  (RA),  short  fibers,  con-- 
tains  many  synaptic  vesiclos  ant-  spherical  invaginations. 

In  tho  region  among  these  axons,  there  ore  a  lot  oj  srall 
aoural  processes  occasionally  holding  tho  synapi 1c  contacts 
(3--).  x  U,000-». 
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Pig,  6.  Transverse  seetion  through  the  disSal  ncu- 
ronnr.fcidial  layer.  Six  large  rotinula  axons,  1.  o.  short 
fibers,  (SF)  gather  in  a  group.  Glial  colls  (C)  intervene 
between  these  axons.  Two  long  fibers  (LF)  of  rotinula  cells 
run  3.n  pairs  among  the  neurom.'natidiril  groups.  T,  traohoolo. 
x  5,000. 


tfljr.  8.  Longitudinal  section  through  the  short  fiborc 
of  retSula  coll  (RA)  In  the  nouromatidial  layer.  Spheric 
invaginations  (s)  are  clearly  soon.  sr,  synaptic  veolclcs, 

G,  procosses  of  glial  cell;  ra,  mitochondria.  x  J2,c.u. 
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Fig.  9*  Longitudinal  section  through  tho  proxinn.'.  r 
c.Biutidial  layer.  Basal  end  of  short  fiber  (SF)  aro  she 
Sphorical  invaginations  (a )  eloarly  hold  tho  relationship 
the  glial  ooll  (G).  Iho  supposes  tangential  neuron  {'/U) 
situated  at  this  layer.  x  G,000. 


i'-'r? ,  IQ.  Lomgltudhnal  section  through  the  most  proximal 

t ayor  of  the  Jjmiaen - Axon  of  monopolar  ganglion  coll  (/‘A; 

ru»--W#ttr?r^he  chiasma  between  the  medulla  and  tho  lamina  ( 
‘a^rov;)  while  the  basal  onrl  of  short  fib  or  cf  rot  inula  cqll  (SP) 
cv&  at  this  layer .  Synapse  (r,y)  beti-eon  rot  inula  axon  and 
i;cnopolar  axon  are  ahovm.  0,  filial  coll.  x  <;,500. 
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